Resolution of the aeration requirements of Brucella suis in broth culture was imperative for the production of the comparatively large amounts of cells required in the extensive epidemiological and immunological project of which this study is a part. The two prime factors in sparger aeration appeared to be (1) the rate of air supply and (2) the type of sparger employed; the two factors apparently were interdependent. Thus, the more efficient the sparger in producing fine bubbles, in general the less air required for growth. This has been emphasized in a review of biological aeration systems by De Becge and Liebmann (1944). In the case of this organism, however, the kinds of antifoam employed with various sparger aeration systems has also been found to be of primary importance.
(3) A column-type aeration system was also devised (figure 1), in which 4-foot sections of 80-mm pyrex tubing were modified so as to contain a sparger and sampling tube. The medium (3,250 ml) used in the apparatus provided a height of liquid of 30 inches. Air was supplied by maintaining a negative pressure above the medium.
Four types of spargers were employed: coarse grade sintered glass type, no. 60 grade carbon type (National Carbon Co., Cleveland, Ohio), improvised cotton muslin type, and perforated stainless steel "dishpan" type. Normally, the sintered glass spargers were employed with the aeration bottles, and the perforated stainless steel spargers with the column-type apparatus. The following medium was used: 2.0 per cent bacto tryptose (Difco), 0.75 or 1.0 per cent glucose, 0.5 per cent sodium chloride, 0.1 ,ug thiamine hydrochloride per ml (McCullough et al., 1945) in distilled water. A single strain of Brucella suis was used throughout (received through the courtesy of Dr. I. F. Huddleson, his strain no. 1772-A). Normally, an inoculum of 1 per cent by volume from a 24-hour shaker broth culture was used; this was approximately 5 X 108 cells per ml final concentration. Incubation was at 37 C. Light transmittance was determined by use of the Coleman universal spectrophotometer on 1:10 dilutions of the culture. Unless otherwise stated, the figures in tables and graphs represent the average of triplicate 24-hour cultures.
The aeration rates are reported in volume units per minute. For example, an aeration rate of one volume per minute means the passing through the system each minute of a volume of air equivalent to the volume of the medium. The aeration rate was controlled by varying the effective negative pressure. The air flow was measured with carefully calibrated rotameters, at atmospheric pressure.
Before the studies of sparger aeration systems, it was necessary to find a suitable antifoam agent for use with tryptose media under the conditions of violent agitation inherent in sparger aeration. Previous laboratory studies under somewhat different conditions had indicated the use of a rather heavy layer of pure lard. In a series of preliminary tests, approximately 15 different antifoam agents were screened for physical properties; of these, only a few warranted further study. The following agents were found unsatisfactory: capryl alcohol, Atlas "arlacelc," turkey red oil, corn oil, DuPont "ocenol," octyl alcohol, lard oil, lard oil and octadecanol, lard oil and tributyl citrate, and olive oil. DuPont HF and LF antifoams were found to have excellent physical properties, but subsequently they were found to be highly toxic to Brucella suis. A 50:50 mixture of lard and tributyl citrate had good antifoam properties and was only partially toxic. Pure lard had satisfactory antifoam properties under certain conditions and apparently was somewhat toxic only under shaker conditions; the extreme turbulence effected by shaker aeration apparently made such tests not entirely applicable to sparger aeration conditions. Unless otherwise stated, an equal mixture of lard and tributyl citrate was used as the antifoam agent.
EXPERIMENTAL
Shaker flasks. Since the shaker-flask culture was used as a standard, it was considered advisable to alter the ratio of the medium volume to the flask volume in order to determine optimum conditions for a maximum cell count of the standard medium. This was done by placing 25 ml, 50 ml, 100 ml, and 200 ml of medium in 250-ml, 500-ml, and 1,000-ml Erlenmeyer flasks. The results of this experiment are given in table 1. From this experiment and the extensive amount of confirmatory evidence accumulated from other shaker-grown cultures, it was concluded that the standard practice of using 25 ml of medium in a 250-ml Erlenmeyer flask provided near optimum aeration and could be used as a convenient standard reference procedure.
Aeration bottles. The preliminary study on the type of sparger and the aeration rate required for maximal growth of Brucella suis was conducted in aeration bottles. 
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A study was made to determine whether a gradual build-up of air supply could be substituted for the sustained aeration rate normally employed. This sys- Vol/min no. 60 carbon type), which require lard and tributyl citrate in order to control foaming effectively at the higher aeration rates, might be considerably reduced or surpassed when compared to perforated stainless steel spargers which require only the nontoxic lard in order to control foaming effectively. The two types of spargers were, therefore, compared, pure lard being used as antifoam. The aeration with the carbon spargers was maintained at the highest rate possible without foaming over (increasing from 0.125 to 0.5 volumes per minute), whereas the aeration with perforated stainless steel spargers was maintained at an optimum rate of two volumes per minute. In this study ( The study on the gradual building up of the air supply was conducted in somewhat more detail with the column-type aeration apparatus than with the aeration bottles. Composite results of this study are given in table 8. Although no definite increase in yield or rate of growth was obtained, again a gradual increase of the air supply accomplished results comparable to those obtained with a constant aeration rate. Thus, the air requirements were considerably lowered, and the initially lower aeration rates served to diminish foaming at the most critical foaming period.
All work with sparger aeration apparatus has been operated entirely under negative pressure as a safety factor in the production of comparatively large amounts of Brucella suis cells. It was noted early in the aeration study that The viable cell count generation time, as well as the maximum yields, was used as an index of aeration efficiency. It was found that the generation time between 12 and 16 hours was the most representative of an aeration rate. With the stainless steel spargers, which were used because of ease of control and latitude in aeration rates, the generation time was reduced from 31.1 hours with an aeration rate of one-quarter volume per minute to 2.6 hours at an aeration rate of 2.0 volumes per minute. Two volumes per minute aeration was the optimum rate for this system.
The influence of the negative pressure head in the aeration systems upon the efficiency of aeration, and consequently the growth of the culture, appeared to be minimal within the range normally encountered in the laboratory.
A gradual building up of the air supply during growth accomplished substantially the same results as those obtained with a constant high aeration rate. It serves to reduce the total air requirements, thereby minimizing the possibilities of contamination, particularly in the early stages of growth, and to reduce foaming at the time when it is most difficult to control.
SUMMARY
Employment of a reciprocating shaker apparatus provided an optimum, yet constant and easily reproducible, rate of air supply for broth cultures of Brucella suis. This technique was used as a standard reference procedure.
Aeration requirements for maximum growth of the organism in sparger aeration systems were interdependent upon two factors: type of sparger and the antifoam agent necessary to control foaming. Although an equal mixture of lard and tributyl citrate was sometimes necessary to control foaming with spargers of fine porosity, it became toxic under conditions of high turbulence. An antifoam of pure lard was nontoxic under most conditions and satisfactorily controlled foaming with coarse spargers or with fine spargers at low aeration rates. Fine, grade no. 60, carbon spargers gave comparably high yields with approximately one-fourth the air requirements of coarse, perforated, stainless steel spargers.
The viable cell count generation time was used as an index of aeration requirements. This generation time changed from 31.1 hours to 2.6 hours with an aeration change from one-quarter volume to 2.0 volumes per minute.
There was no appreciable difference between the effects produced by negative pressure heads of 2.5 and 16 inches of mercury on aeration efficiency at an aeration rate of 2 volumes per minute.
The employment of a gradually increasing aeration rate gave approximately the same yields as a constant high aeration rate and enhanced the control of foaming in the early stages of growth of sparger-aerated cultures.
